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ABSTRACT : 



PROBLEM TO BE SOLVED: To enable laser machining to be performed on a narrow part 
and to allow a machining part to be adjusted through the inserted quantity of an 
optical fiber by arranging a distributed refractive index type lens at the laser 
output end of the optical fiber and condensing the laser beam emitted at a 
divergence angle. 

SOLUTION: This laser machining head 1 condenses laser beams having a divergence 
angle with the use of a distributed refractive index type lens 8 in a condensing 
optical system, melts the surface of a work as well as the _tip end of a filler 
•wi£e, and feeds it to the melting part of the work. The tip end position of the 
optical fiber 5 supported by a roller tube 9 can be adjusted by pushing in and out 
the fiber with the driving device 10 inside a control cabinet 2. The laser 
machining head 1 is provided with plural optical fibers 15 which are connected to a 
monitor 17 in the cabinet 2; an image formed by an image fiber 16 is then displayed 
in a display tube so that the machining state is judged. Thus, the laser machining 
of a narrow part is made possible, as is the adjustment of a machining part through 
the inserted quantity of the" optical fiber. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the very minute processing head which enables 
processing which used high power laser especially in narrow parts, such as a pipe inside and a 
background of the interior protection tile of a nuclear fusion reactor, and which can adjust a focal 
location about the small laser-beam-machining head which can treat the high power laser of an optical- 
fiber light guide type. 
[0002] 

[Description of the Prior Art] Since there are improvement in the engine performance of a laser 
transmitter and improvement in the engine performance of transmission optical system, such as a lens, it 
is high and the simplification of beam handling optical system of the degree of freedom of a processing 
location was attained in recent years, the high processing system of flexibility using an optical fiber is 
built, and high power laser beam machining has come to be performed. Also in condensing optical 
system, as well as detailed-izing of the condensing spot in fiber plane of incidence, the condensing spot 
in a processing point is also made detailed, and laser-beam-machining applicability is also expanding 
welding of electronic parts, cutting of a thick plate, perforation, etc. By such the latest advance, as 
transmission optical system, since the core diameter of 0.2-0. 8mm and the result **** mm thin and 
flexible optical fiber were used, for example, access of the part which neither the defective location 
inside a narrow groove and a capillary nor a man can pry into was almost attained in any parts. 
[0003] however , it be desirable to have converge with the diameter lens of macrostomia , after widen 
enough the laser in which outgoing radiation be carried out by the need that the direction of condensing 
optical system improve fiber outgoing radiation light small to the optical fiber , in the point converge 
[ diaphragm ] , and since it could but consider as the combination lens method used the lens two or more 
from the need of make aberration small , the distance from a fiber end face to the processing lens last 
edge could but become long greatly [ the path of the processing head section ] again . Moreover, in order 
to lengthen significant part which has the energy of a level required for processing, breadth of a beam of 
light needed to be made small, and a large distance from the outgoing radiation edge of an optical fiber 
to a lens had to be taken. Moreover, the energy density which irradiates a workpiece according to the 
class of processings made into the purpose, such as melting, quenching, cladding, and marking, differs. 
For this reason, different optical system designed for every focal distance was prepared, and optical 
system needed to be substituted and used when applications differed. Moreover, when filling up the 
groove section of a workpiece with melt, it is necessary to make it change according to advance of 
processing of a condensing point location. 

[0004] Drawing 13 is a drawing in which the example of the conventional laser-beam-machining head is 
shown. A laser beam carries out outgoing radiation with a fixed angle of divergence from the end face of 
the optical fiber fixed to the drawing Nakamigi edge. The laser beam which spread in suitable 
magnitude is condensed by the condensing optical system which consists of a combination lens. 
Repositioning of the last stage lens has become possible for shaft orientations, and it can adjust a 
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condensing point location a little. In addition, in order to change a condensing point location and the 
diameter of condensing still more greatly, the thing which enabled it to exchange only the condenser 
lens section if needed is indicated at JP,4-305390,A by making a fiber fixed part and the condenser lens 
section into discrete-type structure. As these examples of a design, that whose die length the path of a 
condensing optical part is about lOOmm, and is about 300mm is obtained about the laser-beam- 
machining head which used the 1 .3kW YAG laser. 

[0005] Moreover, if the lens of a quartz system is used as a condensing system, since cooling is difficult, 
faults, such as coating breakage by overheating in response to radiant heat and destruction of the lens 
itself, will be produced. Moreover, distortion by heat makes optical system produce fault. On the other 
hand, the laser-beam -machining head on which JP,5-212571,A constitutes the laser beam incidence side 
of the lens holder holding a processing lens from a laser beam reflector, and constitutes the housing 
inside from a laser beam absorber is indicated. Furthermore, the radiation fin was prepared in housing 
and the heat distortion of a processing lens is controlled through cooling water etc. Since this laser- 
beam-machining head is what absorbs heat positively with housing arid cools it, it is not easy to store a 
head dimension small. Thus, although the degree of freedom of a processing location was expectable in 
transmission optical system, processing of a narrow part mainly has constraint with the path and die 
length of condensing optical system, and dwarfish-ization of condensing optical system was demanded. 
[0006] In addition, the technique of cursing conventionally, transmitting the YAG laser of high power 
with an optical fiber instead of the formula repairing method, and welding a repair sleeve from a narrow 
capillary inside for repair of the steam generator heat exhanger tube damage section of a pressurization 
water type nuclear power plant, is developed. Laser welding of a weld zone in narrow remoteness [ be / 
it / an activity ambient atmosphere ] is desirable. Drawing 14 is the schematic diagram of the example of 
an equipment configuration of the describing [ above ] sleeve welding method. While the 2kW YAG 
laser oscillator which equips the container besides a reactor container with a power source and a cooling 
system is installed, the controller of the various robots which operate in a furnace, and the visual 
inspection equipment after welding are carried in the trailer outside drawing. The beam obtained from 
the oscillator is transmitted by the optical-path diverging device inside a heat exhanger tube, and the 25 
morem optical fiber to the welding head with an optical fiber with a die length [ of 200m ], and a core 
diameter of 0.55mm. It converges by the lens system which consists of four lenses with an outer 
diameter of 16mm or less the laser beam by which stripping is carried out from an optical fiber, and a 
condensing spot with a beam diameter of 0.6mm is made to form in the place into which it was made to 
reflect in by the high reflection factor metal mirror in which derivative multilayers were formed, and the 
sleeve with a bore of 16.4mm went 0.2mm in the welding head. The welding head goes around a shaft 
around and welds a sleeve to a heat exhanger tube with a bore of 19.6mm, Even if it was in the activity 
ambient atmosphere by such raser-werding type sleeve repairing method^ welding repair of the part in a 
narrow capillary could be easily carried out by remote operation. 

[0007] The laser-beam-machining head improved in order to use it for JP,7-1 16880, A at such a purpose 
is indicated. It is a small thing possessing the device which a shaft ** the laser beam to which outgoing 
radiation of the laser-beam-machining head indicated here was carried out from the optical fiber instead 
of a lens system, and converges it by the ellipse mirror, and the cooler style which cools the head 
section. Since a laser beam will condense to the focus of another side if the tip of an optical fiber carries 
out shaft outside and arranges to one focus of an ellipse mirror, laser beam machining becomes possible. 
The laser beam tow collecting machine style containing an ellipse mirror is cooled in order to prevent 
overheating by radiant heat. This laser-beam-machining head is set on the shaft of the breakage part in 
the capillary with which the size was decided, and it revolves around the shaft of an optical fiber, and it 
**, and an ellipse mirror irradiates the edge of the sleeve which carried out refraction condensing of the 
high power laser beam, and was applied to the capillary inside, and welds a shaft to a capillary. This 
laser-beam-machining head can be economically manufactured with few components without an optical 
lens system. By setting up the combination of the curved-surface configuration of a mirror, and the 
distance between a focus and a workpiece proper, the laser-beam-machining head of a P,7-l 16880,A 
indication here sets up the energy density in a constructing point freely, and supposes that it is possible 
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to make the heat source suitable for various processings, such as melting, quenching, and cladding. 
However, if the energy density suitable for processing changes with this laser-beam-machining head, it 
is impossible to correspond, when a mirror is exchanged according to it, or the location of a laser-beam- 
machining head must be changed, and it must construct, furthermore proper energy density changes 
during processing. 
[0008] 

[Problem(s) to be Solved by the Invention] Then, the technical problem which this invention tends to 
solve is offering the new fiber light guide type laser-beam-machining head which can perform laser 
beam machining of narrow parts, such as the interior of a capillary, and a part in a slit, or narrow gap by 
making the path of condensing optical system small. Moreover, it is offering the laser-beam-machining 
head from which the lens optical system which was being used conventionally is eliminated, and 
components mark's can secure optical assembly precision easily few. Furthermore, it is offering the 
laser-beam-machining equipment which can adjust condensing extent in a processing point easily. 
Moreover, it is offering the laser-beam-machining head which can change the location of an effective 
laser beam according to change of a processing location during processings, such as welding of narrow 

gap. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the laser- 
beam-machining head of this invention uses a gradient index lens for condensing optical system, and it 
arranges a gradient index lens so that both optical axis may be in agreement with the laser outgoing end 
of the optical fiber to which a laser beam is led, and a gradient index lens is characterized by condensing 
the laser beam which has an angle of divergence. Moreover; it may have the filler feeder style which^ 
equips the point of a laser-beam-machining head with a wire chip, and supplies a filler wire to a wire^ 
eChip, and you may constitute so that the tip of a filler wire may be supplied to the laser part condensed .- 
with the gradient index lens. Furthermore, the laser-beam -machining head of this invention has two 
optical fibers to which a laser beam is led. The 1st gradient index lens is arranged in the laser outgoing 
end of the 1st optical fiber so that an optical axis may be in agreement. The 2nd gradient index lens is 
arranged in the laser outgoing end of the 2nd optical fiber so that an optical axis may be in agreement. 
The laser part furthermore condensed with the 2nd gradient index lens is equipped with the wire chip 
which supplies the tip of a filler wire. And this wire chip is equipped with liie filler feeder style which"* 
supplies a filler wire. The ingredient front face of a weld zone is melted using the laser beam condensed 
with the 1st gradient index lens, and it is characterized by^fusiiig a.fiUer wire-using the laser beam 
continuously condensed with the 2nd gradient index lens, and filling up a weld zone, 
[0010] In addition, as for the laser-beam-machining head of this invention, it is desirable to have the 
device in which the distance between the outgoing end side of an optical fiber and the incidence end face 
of a refraction distribution pattern lens is adjusted. Furthermore, you may have the gas supply line which 
equips the periphery section of a gradient index lens with the nozzle which has the diffuser of this 
alignment in a circle, and supplies welding gas or shielding gas to the nozzle. Furthermore, it is 
desirable to have the image fiber which consists of two or more optical fibers which are concentrically 
arranged in the perimeter of a gradient index lens, and receive the light from the processing section. In 
addition, a laser beam is generated by iodine laser and it is desirable that the base material of a gradient 
index lens is a quartz. 

[001 1] Since a path uses a small gradient index lens for condensing optical system as compared with 
combination lens optical system, a head part will become very detailed, a processing location and the 
degree of freedom of a posture increase conjointiy with the degree of freedom of an optical fiber, and 
cutting processing and welding processing by laser energy of the laser-beam-machining head of this 
invention are attained easily also in a narrow part. Moreover, when it has the device which feeds a filler 
wire, since a filler wire tip is fused and the fusion part of workpiece is supplied while fusing a workpiece 
front face by the laser beam, a weld zone can be filled up with a suitable metal. Furthermore, have two 
optical fibers to which a laser beam is led, and the ingredient front face of a weld zone is melted using 
the laser beam condensed with the 1st gradient index lens. Then, the thing constituted so that a filler 
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wire might be fused using the laser beam condensed with the 2nd gradient index lens and a weld zone 
might be filled up Since surface wettability is raised by fusing an ingredient front face lightly 
beforehand, the filler metal by which melting was carried out gets used to an ingredient front face well, 
and a good weld zone without a non-fiision zone with a base material is formed. 
[0012] in addition , by adjust the above-mentioned distance , a laser beam machining head equipped 
with the device that the distance between the outgoing end side of an optical fiber and the incidence end 
face of a refraction distribution pattern lens be adjust change the condensing extent in a process point , 
and can acquire the laser configuration and energy level which suit the class of processings , such as 
distance to an ingredient , and the fusing depth , orwelding , cutting , perforation , marking , etc. 
Moreover, in a welding operator, the need distance to a workpiece, such as carrying out restoration by 
multilayer welding after the tack weld of a welding groove, can respond by adjusting the distance 
between an optical-fiber end face and a lens incidence end face, without changing the location of a laser- 
beam-machining head, also when changing in inside. 

[0013] Furthermore, what equipped the periphery section of a gradient index lens with the concentric 
nozzle, and is equipped with the gas supply line prevents blowing away the metal particles of the shape 
of plasma generated between a workpiece and a head, and melt adhering to the head section, and 
achieves the shielding function protect optical system while it cools the head which contains a lens etc. 
by^ circulating inert gas, such as Argon Ar, and Helium helium or nitrogenJN2, during processing at the 
processing head section. Moreover, at the time of cutting processing, by spraying gas into a processing 
part strongly, it can prevent blowing away melt and depositing on a cutting part, and a cutting plane can 
be smoothed. Furthermore, what equips tiie point of a processing head with an image fiber supervises a 
processing part distantly, and it can use it in order to check an object location, or to observe the 
condition of fusing and emitting Ught and to grasp a processing situation. 

[0014] In addition, the base material of a gradient index lens is a quartz, and when using iodine laser 
with a wavelength of 1.3 15 micrometers, since the permeability of a quartz is sufficiently high near the 
wavelength of 1 .3 1 5 micrometers, the laser-beam-machining head which generates powerful energy can 
be obtained by using together with the laser generator of high power. Moreover, the laser beam which 
has very powerful energy by development of iodine laser in recent years can be obtained now. 
Furthermore, since iodine laser has the high transmission in a quartz, it can be transmitted over long 
distances with the optical fiber of a quartz system. Then, laser beam machining which uses the laser 
energy of high power [ every place in works ] can be made possible by installing a large-sized iodine 
laser generator in a comer of a processing plant, spreading around in works the optical-fiber network 
which makes this the starting point, and using the method which distributes laser energy to the laser- 
beam-machining head of this invention prepared in each processing location through the optical 
distributor instead of having a laser generator for every laser-beam-machining equipment. Moreover, 
since the absorption coefficient of a quartz in this field is comparatively low also when using the YAG 
laser whose laser wavelength is near 1.06 micrometer, a good laser-beam -machining head can be 
obtained. 
[0015] 

[Embodiment of the Invention] 

[Example 1] Hereafter, based on a drawing, the laser-beam-machining head of this invention is 
explained using an example. Drawing 1 is the sectional view showing the 1st example of this invention, 
the manipulator which is not illustrated by the attachment 3 which has the control-section case 2 can be 
attached previously, and the laser-beam-machining head 1 can perform [ actuation of a manipulator ] 
cutting and welding of a narrow part now. The laser-beam-machining head 1 is supported at the tip of 
the head bearing bar 4 which protrudes from the control-section case 2. the head bearing bar 4 is the 
shape of a pipe of the key type [ outer diameter ] with a point perpendicular by about 15mm and die 
length of about 450mm at the curvature of 45mm at which it came out of and turned, and the laser- 
beam-machining head 1 attached at the tip is suitable in the perpendicular direction to shaft orientations. 
[0016] A laser beam is led to the laser-beam-machining head 1 with an optical fiber 5. A laser beam 
branches to the optical fiber 5 which it is transmitted from the laser generator outside drawing to near 
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with a trunk optical fiber, and is similarly connected with the processing head concerned with the optical 
distributor outside drawing. What is necessary is not to attach a laser generator for every laser-beam- 
machining head, to furnish one set of a laser generator to a suitable location, and just to supply a laser 
beam to each head through a trunk optical-fiber network and a distributor with such a configuration, also 
when two or more processing equipments are in works. Therefore, since there is no constraint in the 
scale of a laser generator, it is possible to introduce a high power laser generator. For this reason, in 
order to use a gas medium and to enlarge an output capacitance as well as the ability to use solid state 
laser, such as an YAG laser well used for laser beam machining, it also becomes possible easily to use 
the iodine laser with which a generator cannot but become large. Iodine laser is suitable for having the 
property that the transmission in the optical fiber and gradient index lens which use a quartz as a base 
material is very large, since wavelength is near 1 .3 1 5 micrometer, making the inside of an optical fiber 
spread from a remote laser generator, and performing laser beam machining. 
[0017] Although a plastics material can also be used as a base material of an optical fiber 5, in the 
present condition, the light guide loss is not greatly suitable for the light guide of high power laser. The 
point of an optical fiber 5 is held so that it may come to the location where a shaft is fixed with a holder 
6. The holder 6 is being fixed to this cardiac location to the wall of a head point by the supporting 
material 7 which forms the beam of a radial. In the holder 6, the gradient index lens 8 is equipped so that 
the light from the tip of an optical fiber 5 may be received. The gradient index lens 8 is manufactured 
from the base material of a quartz system in order to suppress absorption of a laser beam. A gradient 
index lens 8 can use a thing with a result outer diameter of about 2mm. 

[0018] A gradient index lens is the cylinder-like optical-glass object with which the refractive index 
inside a lens is distributed over parabolic from the medial axis toward a peripheral face, and the 
refractive index is having in the core structure which became it is high and low at a periphery. Since a 
refractive index changes with locations containing light when light goes into this lens, like the usual 
lens, by the location, how to turn at light differs and a lens is formed. Drawing 2 is a drawing showing 
the image formation condition when sticking the point light source to the end face of a gradient index 
lens, and drawing 3 is a graph showing change of the outgoing radiation end face and the distance 
between images at this time. The die length of a gradient index lens expresses with the pitch to incident 
light wavelength, and when it is Z, image formation is carried out to the location of distance 1 from the 
output side end face of a gradient index lens. It turns out that an outgoing radiation end face and the 
distance 1 between images change [ the lens pitch Z ] rapidly to a slight change of a lens pitch for a short 
time as shown in drawing 3 . In addition, it expresses the meandering period of the beam of light in a 
lens, and with the lens of a pitch 0.25, the handstand real image of an infinite distance body carries out 
image formation of the pitch to an outgoing radiation end face, and if the point light source is conversely 
put on the core of an incidence end face, it can take out the good light beam of parallelism. Moreover, in 
a pitch 0.5, the handstand real image of the body put on the incidence end face carries out image 
formation on an outgoing radiation end face. It can be changed by changing the pitch of a gradient index 
lens 8, i.e., die-length L, which location of a lens is made to condense. And when it can be assumed that 
the outgoing radiation light from an optical fiber is the point light source, it can ask for the location of a 
condensing point easily by count. 

[0019] However, it cannot be considered that an actual optical fiber is the point light source which exists 
in the end face of an optical fiber since a core diameter has the value of finite. Drawing 4 is drawing 
showing the relation of the light source location when considering that the outgoing radiation light from 
an optical fiber is the point Ught source. The core diameter of an optical fiber is Dmm, and if an angle of 
divergence is 2theta, it can be supposed that the point light source exists in the location into which it 
went Lmm from the end face. Drawing 5 R> 5 is a graph which shows the result of having calculated the 
ideal point Ught source location about the concrete value. When a core diameter is 0.3mm, it can 
consider as the place into which the ideal point light source location went 1 .07mm from the end face 
when 2theta was 16 degrees, and if 2theta is 20 degrees, it can consider as the place into which it went 
0.85mm from the end face. When a fiber is directly contacted to a gradient index lens, as that in which 
light appeared from the point light source location of the above imagination, the location of the 
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condensing point after passing a gradient index lens must be decided. 

[0020] Thus, the suitable pitch of a gradient index lens is decided from the ideal point light source 
location for which it asks from the angle of divergence of a laser beam and the core diameter of an 
optical fiber to be used, and the distance to a workpiece to need. Drawing 6 is drawing having shown 
how a condensing point location would change with pitches of a gradient index lens. Iq the time 
( drawing 6 (b)) of being a time ( drawing 6 (a)) of a pitch being 0.245 (L= 6,6nmi), and 0.210 (L= 
5.5mm), 8mm, 24mm, and an about 3 times as many difference as this produce a condensing location ' 
from a gradient index lens end face, respectively. Moreover, if the breadth of a laser beam assumes that 
processing energy density required within a 2mm radius is obtained, as for the former, less than 25mm 
will become a processible field from a gradient index lens end face, and, as for the latter, even about 
60mm will become a processible field. Therefore, even if the contents of processing change, it can be 
coped with by choosing and replacing the gradient index lens of a suitable pitch. 
[0021] When an optical fiber is separated from a gradient index lens, an ideal point light source location 
must determine the location of the condensing point after passing a gradient index lens noting that it is 
located in the place which applied the distance of an optical-fiber outgoing radiation side and a gradient 
index lens incidence end face further. Drawing 7 is a drawing in which the time ( drawing 7 (a)) of 
placing the point light source near the incidence end face of a gradient index lens and the condensing 
point location ( drawing 7 (b)) when keeping away and placing are shown. If the incidence end face and 
the distance 11 between bodies of a lens become large, an outgoing radiation end face and the distance 12 
between images will become small. 

[0022] Drawing 8 is a drawing in which the image formation principle of a gradient index lens is shown. 
The relation between an incidence end face and the distance 11 between bodies, and an outgoing 
radiation end face and the distance between images 12 can consider that a gradient index lens is a heavy- 
gage lens, as shown in drawing 8 , and it can ask for it by the formula of a heavy -gage lens from body O 
and the distance LI between principal planes PI, image I and the distance between principal planes P2 
L2, and a focal distance f (f=f l=f2). However, it is easier for the following formula (1) and (2) to be 
used by the lens design top, and to ask also for a condensing point location based on these formulas. 
Here, it is the constant as which nO expresses the refractive index on an optical axis, and A expresses 
refractive-index part blanket-like voice. In addition, there is a wavelength dependency in this constant. 
[0023] 
[Equation 1] 

J ^ no /v\/a cos/aZ + sin^Z • . • . . ( ^ ) 



no /a Ho /i/a sini/AZ - cos/AZ 



[Equati on 2] 



'A U'-^l ^ • , . . ( 2 ) 

HoV A sin V A Z(/i- ) 

noV A 



[0024] Drawing 9 is a graph which shows the result of having computed change of the image and the 
distance 12 between lens rear faces by the body and the distance 11 between the front faces of a lens 
about the case of pitches 0.250, 0.255, and 0.260 from the formula (1). Change of a body and the 
distance 1 1 between the front faces of a lens changes an image and the distance 12 between lens rear 
faces a lot. Moreover, it has appeared that the rate of change becomes large, so that a pitch becomes 
small. By adjusting a body and the distance 11 between the front faces of a lens, i.e., the distance of an 
optical fiber and the incidence end face of a gradient index lens, shows that a condensing point location 
and a processing field may be changed and you may cope with it instead of replacing a gradient index 
lens and coping with it from drawing 9 , when the contents of processing change. 
[0025] An optical fiber 5 can adjust a tip location now by being supported by the roller tube 9 on which 
an optical fiber 5 can slide inside, and taking out and inserting with the driving gear 10 contained by the 
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control-section case 2. In the holder 6, also when taking out, inserting and moving an optical fiber, the 
guide 1 1 is formed so that the heart of an optical fiber 5 may not shift from a center line. In order that 
few variation rates of an optical fiber 5 may change a condensing location a lot, the roller tube 9 is used 
because an optical fiber 5 can be smoothly taken out and inserted by the small force. The roller tube 9 is 
contained in the head bearing bar 4. Moreover, like [ in the case of shifting a processing location 
gradually toward depth in perforation of a thick plate from a front face ], also when it is necessary to 
change distance with a workpiece during processing, it can be appropriately coped with by controlling 
the tip location of an optical fiber 5. 

[0026] The space of a holder 6 exists between the periphery section of a gradient index lens 5, and a 
head wall, and the concentric nozzle 12 is formed in it. Inert gas and air which are used as shielding gas 
or welding gas from^a gas pipe 13, such as an argon, nitrogen, and helium, are supplied to this nozzle 12. 
The gas pipe 13 is contained along with the optical fiber 5 in the head bearing bar 4, and is connected to 
the gas transfer unit 14 in the control-section case 2. A gas transfer unit 14 adjusts pressures, such as 
inert gas, and supplies them to a gas pipe 13. This gas has the operation which cools a laser-beam- 
machining head and secures optical precision. Moreover, if the pressure of gas is set up suitably, the 
plasma particles of the workpiece which laser melts and produces can be blown away, and it can protect 
so that the optical system of a laser-beam-machining head may not be polluted. Since it will blow away 
by high-speed gas as melting of the workpiece is carried out if the pressure of gas is fiirthermore set up 
highly and it is made for gas to be equivalent to a laser-beam-machining part at high speed, a workpiece 
is melted. Although inert gas can also be supplied from the bomb stacked into the control-section case, 
you may make it supply for piping from the source of gas besides a case. 

[0027] Two or more optical fibers 15 are arranged by the head wall, it unifies, the image fiber 16 is 
formed, and it has connected with the monitoring device 17 in the control-section case 2 through the 
centrum in the head bearing bar 4. A monitoring device 17 is displayed on the display tube in which the 
image which unifies that to which each optical fiber 15 received the light from the processing section, 
and an image fiber 16 forms was prepared in the opportunity side or the central supervision room. An 
operator can judge a processing situation from the displayed image. In order to maintain the point and 
workpiece of the laser-beam-machining head 1 at fixed relation, such as holding for example, at 5mm 
spacing, the guide idler 18 is attached, 

[0028] According to the outer diameter of the head bearing bar 4 which supports the laser-beam- 
machining head 1 at a tip, an outer diameter can make the laser-beam-machining head 1 constituted as 
mentioned above about 15mm and die length of about 20mm, and it turns into an as a whole very small 
processing head. Therefore, if the equipment of this example is used, it is possible to insert and carry out 
laser beam machining of the laser-beam-machining head 1 to very narrow parts, such as inside of a 
capillary or a slit. Moreover, since the tip of an optical fiber 5 can be taken to the end face of a gradient 
index lens 8 and distance can be adjusted, various kinds of laser beam machining, such as "welding, 
cutting, quenching, cladding, and marking, can be carried out with the same equipment. In addition, 
rjestoration welding can be performed by being attached in the^same filler wire feeding device as what is 
stated to a detail in explanation of the 2nd example. Moreover, a processing location can be 
continuously changed by remoteness during about [ that the energy part blanket-Uke voice in suitable 
laser beam machining can be chosen according to an object or the class of processing ], and processing. 
In addition, although [ this example ] an optical fiber 5 is justified with the driving gear 10 in the 
control -section case 2, it cannot be overemphasized that this may be remotely controlled for the driving 
gear of a minima type in preparation for the inside of the laser-beam-machining head 1 of a point, and an 
optical fiber 5 may be taken in and out. Furthermore, a processing condition can be continuously 
supervised through a monitoring device. It turns a cross section to a processing part, and seems in 
addition, to have constituted so that two or more optical fibers 15 distributed and arranged in the head 
wall might be unified, but to acquire an image directly, although the image fiber 16 bundled two or more 
optical fibers. 
[0029] 

[Example 2] Drawing 10 is a perspective view showing the place which removed some walls of the 
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laser-beam-machining head of the 2nd example of this invention. The 2nd example is installing two 
fibers to which a laser beam is led, in order to show the example of the processing head constituted for 
narrow gap laser welding, to add the feeder which feeds a wire to a processing point in order to carry out 
to welding, and to realize multilayer welding by laser. Drawing 10 expresses the condition of havmg 
removed the wall inside [ protective cover ] the laser-beam-machining head 21 of the 2nd example. The 
laser-beam-machining head 21 has the chip maintenance block 22, and the image fiber 23 for monitors 
is embedded by the topmost part at this chip maintenance block 22. The image with which the image 
fiber 23 was bundled so that it might become the same arrangement at both the tips, and it acquired two 
or more optical fibers at the tip is transmitted with an optical fiber 24. 

[0030] Directly under the image fiber 23, the 1st laser-beam -machining chip 25 is arranged. The 1st 
laser-beam-machining chip 25 has laid the 1st gradient index lens 26 underground at the tip, and it is 
constituted so that the tip of the optical fiber which transmits the laser beam for processing to the end 
face of this lens may be this **(ed) on the same axle and both distance can be adjusted. You may make 
it adjustment of distance take out and insert an optical fiber with an external adjusting device like the 1st 
example, and it may be equipped with a small driving gear in block 22. The optical fiber is combined 
with tiie trunk optical fiber with which an optical fiber is supported by the 1st roller tube 27 which can 
slide inside, and distributes a laser beam through a control-section case. In addition, when adjustment of 
an exact condensing location cannot perform the above-mentioned range adjustment, either, the location 
which can be adjusted can be changed by replacing with a suitable gradient index lens. Downward, the 
2nd laser-beam-machining chip 28 is arranged at the pan of the 1st laser-beam-machining chip 25. The 
2nd gradient index lens 29 as well as the 1st laser-beam-machining chip 25 is laid underground at the 
tip, the tip of the optical fiber supported by the 2nd roller tube 30 is this **(ed) by the end face of this 
lens, and the 2nd laser-beam-machining chip 28 can also adjust both distance now. The adjustment 
approach of distance is the same as that of the 1st laser-beam-machining chip 25. 
[003 1] The gas blow-off pipe 3 1 is arranged under the 2nd laser-beam-machining chip 28. The gas 
which has a suitable pressure is supplied by gas piping 32. The diffuser of the gas blow-off pipe 3 1 has 
turned to the point of the 1st laser-beam -machining chip 25 and the 2nd laser-beam-machining chip 28, 
and it blows away the spatter and plume which are produced with laser, and it protects them so that a 
laser-beam-machining head may not be polluted, while emitted gas cools a laser-beam-machining head. 
Fusing of a workpiece will be attained if it is made for gas to be equivalent to the part in which the 2nd 
laser-beam-machining chip 28 is furthermore carrying out laser beam machining at high speed. 
Moreover, the filler wire feeding device which is not illustrated is fiamished in the block 22 under the 
cgas blow-off pipe 31 .-^A filler wire feeding device supphes the tip of the filler wire 33 in [ of the laser 
beam to which it emanates from the 2nd laser-beam-machining chip 28 / which can be welded ] a field. 
The above-mentioned laser beam dissolves, and a filler wire adheres to a workpiece front face, and is 
solidified there.*A filler wire is newly extruded as melting of the part for a point is carried out and it is 
consumed, and it is supplied to a filler wire feeding device. The laser-beam-machining head 21 is 
covered with the cylinder-head cover 34. As for the laser-beam-machining head 21, the cross section 
was settled in 15mm of ****, and magnitude with a height of about 55mm. In addition, 35 is covering 
which protects an optical fiber 24 and 27 grades, and the chip maintenance block 22 is fixed to a 
protective cover 35. 

[0032] According to the laser-beam-machining head of this example, the laser beam from the 1st laser- 
beam-machining chip 25 melts the front face of a base material slightly, and raises wettability with an 
addition metal. Since it moves up at a suitable rate, the laser beam by which outgoing radiation is carried 
out from the 2nd laser-beam-machining chip 28 in the place where the wettability on the front face of a 
base material became high fijses a filler wire, adheres to a base material front face, and, as for the laser- 
beam-machining head 21, is filled up with a groove. A processing part is supervised with an image fiber. 
The inert gas (N2, Ar, helium, etc.) sprayed from the gas blow-off pipe 3 1 is effective for cooling of the 
gradient index lens at the tip of an optical fiber, and a surface protection. It has turned at the processing 
head in the shape of ****, and multilayer peak laser welding of the groove section in the inner part of a 
narrow part can be realized. 
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[0033] Drawing 1 1 is the flat-surface sectional view showing the laser-beam-machining equipment 
which uses the laser-beam-machining head of the 2nd example with the gestalt of the use. Especially the 
laser-beam-machining equipment shown in drawing 1 1 is constituted so that laser beam machining of 
the protective block of a nuclear fusion reactor wall can be carried out. The supporting beam 61 with a 
thickness of 70mm is attached in the hoop direction at the wall 60 of a tunnel-Uke nuclear fusion reactor. 
Moreover, there is a supporter 63 with a thickness [ Uke two gear teeth of wooden clogs ] of 70nmi in a 
protective block 62, and this is welded to the supporting beam 61 of a wail, and is fixed to a wall. 
Thickness is carrying out the rectangle by about 400mm, and the protective block 62 is mutually stuck 
in the shape of a tile at intervals of about 20mm, However, the protective block 62 is mostly arranged in 
the shape of horse's hoofs, and there is a part on which the protective block 62 is not stuck in the floor in 
a furnace. While making a containment field strong against the space in a furnace by these protective 
blocks 62, the temperature of the elevated-temperature high-pressure plasma eases the effect which it 
has on a wall. Although it is necessary to repair periodically the protective block prepared in this nuclear 
fusion reactor wall, in order that activity may remain in a furnace, people entering and constructing must 
avoid it. Although a new block was attached and welded after cutting and removing the supporting beam 
on a block background in order to exchange a protective block, there was no approach of accessing the 
block by the side of inside until now, and it could not but cut sequentially from the edge, it could not but 
remove, and could not but attach sequentially from the inside side. According to the laser-beam- 
machining equipment shown in drawing 1 1 , it becomes easy to carry out laser beam machining of the 
protective block of a nuclear fusion reactor wall by remote operation. 

[0034] It is being fixed to the control-section case 41 in drawing 1 1 by the bearing bar 40 which the 
laser-beam-machining head 21 shown in drawing 10 enclosed with the protective cover 35 of a cross- 
section length rectangle and to which the tip is making the arc. In the control-section case 41 Take out 
and insert the optical fiber in the monitoring device 42 displayed in response to the optical information 
from an image fiber 23, and the 1st roller tube 27. The laser beam from the 1st adjusting device 43 
which adjusts a tip location, the 2nd adjusting device 44 which adjusts the optical-fiber tip location in 
the 2nd roller tube 30, and the laser oscillation machine outside drawing is branched. The optical 
diverging device 45 supplied to the 1st adjusting device 43 and the 2nd adjusting device 44, the gas 
transfer unit 46 which adjusts the pressure of the inert gas supplied to gas piping 32, and the filler wire 
feeding device 47 which supplies the filler wire 33 are contained. The control-section case 41 is further 
restored to outside ** 48 in the state of the nest, and moves to right and left among drawing with an 
actuator 49. Outside ** 48 is perpendicularly driven to drawing along with the rail 50 laid in parallel to a 
workpiece. A roller for 51 to drive outside ** 48 on both sides of a rail 50 and 52 are motors which 
drive a roller 51. 

[0035] Drawing 12 shows the groove cross-section configuration of a plate with a thickness of 70mm 
formed in the foot 63 of the protective block 62 of a nuclear fusion reactor wall as an example of the 
groove for welding. After performing the temporary stop by welding so that the posture after processing 
may not collapse in the 6,5mm comparison part in the inner part of a groove, it is filled up with 
multilayer peak welding, fusing the filler wire 33 from a part with a maximum inner width of face of 
3mm. A little restoration location is fused beforehand and wettability is raised so that the molten metal 
which fused the filler wire 33 at this time may be easy concordance to a joining side. A melting location 
accomplishes a layer, retreating as restoration progresses, and fills up with and completes it at the last 
till a place with a width of face [ in a front face ] of 4mm. When carrying out laser beam machining of 
the protective block 62 of a nuclear fusion reactor wall with the laser-beam-machining equipment shown 
in drawing 1 1 The laser-beam-machining head 21 is inserted in the space on a block background from 
the empty part of tiie lower part of a horse's hoofs mold without a protective block. Adjusting the head 
bearing-bar part 40 with a thickness of 15nMn right through, adjusting the immersion depth with an 
actuator 49 in a clearance with a width of face of 20mm, and making it the processing head 21 not 
separate from weld zone grade Cutting or welding is performed moving the laser-beam-machining head 
bearing bar 40 up along a clearance by carrying out a roller drive along with a rail 50. Thus, if the laser- 
beam-machining head of this example is used, operation of laser beam machining of the above narrow 
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parts will be attained easily. Moreover, it beeomes possible to perform laser beam machining distantly 
also about the part which people cannot pry into. Moreover, when iodine laser is used and the gradient 
index lens which uses a quartz with the low absorption coefficient in the wavelength of iodine laser as a 
base material is used, a high power laser beam can be delivered in the location of arbitration using a 
large-sized laser oscillation machine, and laser beam machining can be carried out. 
[0036] 

[Effect of the Invention] As mentioned above, since the laser-beam-machining head of this invention is 
finished very small using few components, it can be inserted in the narrow section and can perform laser 
beam machining, as explained. Since a laser-beam-machining part can furthermore be adjusted with the 
amount of optical -fiber insertion, correspondence is possible for various kinds of laser beam machining, 
and also suitable processing can be carried out, changing the location which supplies the effective laser 
energy during processing. Moreover, since it can operate by remote control easily, it can be used also in 
the ambient atmosphere which people cannot pry into like [ in a nuclear fusion reactor ]. 

[Translation done] 
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